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The effect on the performance of increasing the angular
velocity of an impeller and consequently increasing the ammnt of
work of compression resulting from the angul~ acceleration of the
air in the impeller was itivestigatedfor four impellers in combina-
tion with a vaneiess diffuser in a variable-component supercharger
test rig over a range of actual tip speeds from 800.to 1300 feet
per second. Impellers A, B, and C were also tested at two constant
impeller angular velocities.

Impellers A, B, and C consisted of.radial-bladed sections with
the same inducer section. Impellers B and C were made by reducing
the discharge-tip diameter of impeller A (12-in. diameter) to
10.76 inches (impellerB) and to 9.52 inches (impeller C).
Ihpeller D consisted of the inducer sectj.onwithout a radial-bladed
section. ,- .—

..-

—.

When the amount of work resulting from the angular acceleration
was increased with respect to the work of compresshn resulting frmn
the increased radius of rotation of the impller~ the impeller
adiakatic efficiency, pressure coefficient, and volme-flow capacity
were imprcved. The Tolume-flow capacity gf the impeller was”inde-
pendent of impeller diameter and impeller tip speed but dependent
upon the impeiler angula velocity. The relation between nmximum
volume flow and i?upellerangular velocity was linear. The flow
restriction that limits the volume-flow capacity of the ccqressor
existed in the inducer section. The flow was restricte~ when a
critical pressure drop occurred in the inducer section. With an
increased ~peller blade-inlet relative Mach nunber, the negative
blade-inlet angles of atta& at which the critical pressure drop _
occurred ~ecreased. Any detrimental effects on impeller perfoti-
ance resulting fram transotic velocities relafiiveto the impeller
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Inlet blade tip wore small as compared with
effects obtained by increas~ng the impeller

INTRODUCTION
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the desirable performance
an~ular veloc2ty.

●

The ideal work of compoxmslon M a centrlfufial-tmeimpeller
ccmsists of two t~es of energy addition: one by the angular
acceleration of the a’~ and the other by ii~creaeedair velocltie~
Z’eSUltingfr~ an incl’easedradius c)7rG’ktiOn. The process of
accelera,t~ the air to the angular ve?.ocityof the impeller is some-
thes called the inducer function. The acceleration of the a:r
produced by the incmaaed radius of rotation is called the Coriqlis
acceleration. The two accelerations repre~ent two different t~ee of
air flow in the impeller. The a~ular acceleuatton produces a pressure
rise by diffusion Gf the demnic pressure bf the relative vel~city in
the impell=.passa~e. .The CoL:iolisacceleration p.’0dUc63a preseure

s.

rise as a result of contrL+uBal force tithcwt s@v diffusion.

In an impeller, the iriducerfuncticnmy be phjwioally sep=ratod
d

fmm the Ccriclis acceleration as in veference 1 cm the two acceler-
ations may be ‘partlyor entirely overlapping. CorrvenixLonal@ydrl.ers . .=

am designed”tm have most of the work of compression dom by the
Coriolts acceleration and to have very little or no overlapping of
the angular and Cori,olisaccelerations. The reaeon for such an
amangement is that the angular acceleration of air in a @entrifugal-
type impeller is Generally believed t-obe an inefficient process.
Moreover, the low ratio of impeller inlet-tip to discharge-tip
diameters needed %0 increase the ratio of Cariolls to angulaz acceler-
ation provides low Mach numbers at the inpeller inlet, a condition
considered necessary for satisfactory impeller perfcmmcnce= The
merits af the conventionalmethod ~f fm~eller loading, however, are
not obvious. An Increase in angular velocity may btimare offoctivo
in addi~.~nergy in the impeller than the conventional methad, for
the flow phenomena in the impeller passage are ticanpletely kmwn.

The effect on performance obtained by increasing the a?aountof
work of compression resulting frmn the angular acceleration C$ the
air in the impeller has been investig~tei!at the N4CA C!leveknd
laboratory. Four impellers were tested in a variable-component
supercharger test rig over a range of acttialimpeller tip spee~s
from 800 to MOO feet per second. DnpellefisA, B, and C were also
tested at two constant impeller angular velocitioa. ~pellors A,
B, and C consisted of radial-bladed sections with the same inducer
seotion. J3npQllorsB and C were made by rGducirg the dissharse-tip
dimter of hnyolkr A (12 in.) to 10.76 and 9.52 inches, rasyoc’bivoly.
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Iqeiler D consisted of the inducer section without q rad2al-
ILaded section. ‘1’Msinducer section, bemuse cf the profile of
Zts.afr-flow passages, imparted a Cbriolis acceleration to the air
In addition to its primary function of imparting angular velocity
‘Gothe entering air.

The adiabatic effioimcy, the pressure Goefficientj and the
volume flcrwof the four impellers are conpared. An analysis of
‘~hevolwne-flow limitations of the c-ampressoris presented that
‘indi~mteswhat part & tiaecompressor systen limits the volume-flow
capacity end shows the nature of the flow restriction. The use of
impellcxrblade-inlet velative Mach number as an impeller destgn
parameter is discussed.

The fouz tipeller~ used in ths investigation are shown in
profile view in fiom”e 1. IingellersA, B, and C consisted of radial-
b~aded ~pel~er aecti~ns ~th ijheEJ~ inducer SeCtiOn. Imqellers B
and C were made by successive l’eductionsin the tip diameter of the

- radial-hladed sectian of impeller A. Impeller D consisted of the
inducer section without a radial-bladGd ‘~cller section.

*

As shown by figure 2, impeller A had 18 blades and consisted
of the inducer sectim smd a 12-inch-diameter radial-bladed “section.
Yhe passage area nozmal to the mean-flow path in both the inducer
section and in the radial-hladed section was held constant by
selecticm of the shroud profiles. ~ellerll had a tip diameter
of 10.76 inches and impeller C had a tip diameter cf 9.52 ticheQ.
For these two dtsmeter redtictionsonly the blades were removed;
the impeller rear shroud was left to serve as part of the diffuser
rear wall. Impeller D, which consisted of only t~ inducer section,
was obtained by the removal of all the blades of the impeller radtal-
bladed section. The impeller rear shromi again seryed as the
diffuser rear wall. A photograph of the inducer section, impeller D,
is shown in figure 3.

The inducer section was single stage and designed to impart
solid-body, or wheel, r@ation to the entering @ at constant
angular acceleration akmg the axial depth. The design of this
type of inducer secticn is describedin reference 2. The in3ucer
section had 18 blades, an inlet-tip diameter of 8 inches, an inlti-
hub diameter of 2.65 inck.es,a discharge-tip dieuneterof 9.5.2.~nche~j
and a discharge-hub diameter of 6.39 inches. In order to maintain
passage-area control thzzou~hthe inducer secticm end also to avoid
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any abrupt cham~e in curvature of.the flow path at the juncticn of
the inducer section and the radial-bladed impeller secticn, the
shroud profiles of the inducer section were not at constant radius
along the axial deptiiof’the inducer secticn. The Inducer section
had an axial depth of 2.45 inches and a design load coefficient of
0.294 cubic foot per revolution.

Comparative design information for the Your impellers is given
in the following table:

\

rrIdeal work of caqressiom
in impeller—

ZeaultingImpeller mm
Resulting

t5p from
Impeller

diameter. =W2@-’W Coriolis

(in.) acceier- acceler-
ation ation

(percent- (percent
of total) of total)_

A 12.00 22 78
B 10.76 27 73
c 9,52 35 65
D a9.52 49 51

aTip disme et r varies from 9.52 inchee to
6.39 inches.

The Coriolis acceleration occurred in the inducer section
(impeller D) because””ofthe inc~aase of t~ radiua of rotatim
through the flow ~assage. The work of cmnpreseion occurring in
the radial-lladed sections of hnpellers A,”B, and C resulted
entizzelyfrom the Coridis acceleration of the air imparted by the
increasing radius of rotation. Fcr these fzwr inpellars, the
ratios of the ideal wcrk of compression resulting from tho sm~lar
and Coriolls accelerations remained constant for a given impeller
tip diameter irrespective of hnpeller tip speed.

APWRAT’US AND TEST PROCHXJRE

Test setu& - The four impellers were investigated in ccmhi.-
nation with a vaneless diffuser in a variable-component superchar~er
test rig. The vanelees diffuser was 34 inches in diameter and its
design was similar to that of diffusers which in previous teats

.. -
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i had shown good pressure conversion”overa ~fde r~e. of oPeratin/3
conditions. The variable-compo~ent supercharger test rig was a<
described in reference 3 except that a flat-plate front collector
cover was ueed to stiplif’yinstrument installation. The ~kellers
were driven by an aircraft engine in conjunction with a speed-
increaser gear.

Instrumentation. - Temperature and pressure measurements were
made =ording to the standazds recommended ‘inreferences 3 and 4
whenever applicable. All air temperatures were measured with
calibrated iron-constantan thermocouples and a potentiometer.
Total pressures in the in?.etand outlet pipes were measured with
pressure tubes of O.OSS-inch outside diameter and 0.067-inch bore.
Static wall taps of 0.020-inch bore were used in the inlet and
outlet pipes. Static pressures wetietaken along tinetipeller
stationary shroud (see fig. 1) using static wall taps of
0.020-inch diameter. !lotal-pressure+surveytubes were installed in
the diffuser as shown in figure 1. Total pressures were read at
the midpoint between the diffusar walls and at 0.063 inch frcm each
wall by a tube 0.10 inch in diameter with a 0.020-inch-diameterhole
drilled in its side.

Air flow and air pressure wero regulateilby butterfly throttle
valves in both the inlet and outlet pipes. A large orLfice tank
with a thin-plate orifice at the entrance was used to measure the
quantity of am entering the Iznpeller. (See reference.)

The desired oonstant speed was maintained with a speed strip
and a stroboscopic light opcwated on 60-cycle current andchecked
with an electric counter and a stop watch.

Test procedure. - The impellers were investigated according to
the p~~cedure reccsmuendedIn references 3 and 4 whenever applicable.
All runs were made with ambient inlet air. For each constant tiP
speed, the volume flow was varied in a number of steps from tide- ...
open throttle to surging, except at the flow cut-off point ~oq the,-
‘highertip speeds, where insufficient driving power necessitate@ 9
small closure of tke hlet throttle befsow the de~ired”speed could
be obteined. At the flow cut-off the maximum volume flow through
the impeller was inappreciably affected by a small reduction in
mass flow. For all throttle settings except wide-open throttle,
a con~tant outlet total pressure of 10 inches of mercury above
atnoepheric pressure was maintained with impellers A, ~J -d c.

With impeller D, the outlet total pressure was mtitained at
3 inches of mercury above atmospheric pressure. .

.

.
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Runs were made over an actual impeller-tip-speedrange of S00 to
1300 feet per second for impellers A and B. (All impeller tip speeds
in this report are actual unless otherwise noted.) IinpellerC was
limited in speed to 1200 feet per second by the availa%le driving
power. No runs were made of’impeller D above an impeller tlp speed
of 1000 teet per second because of possible mechanical Zailure of
the inducer blades at higher speeds.

Impellers A, B, and C were also investigated at two constant
an@ar velocities. me following table shows the relation of
angular velocity and im~eller tip speed for the three impellers:

Impeller An@ar ~eller
velocity tip spaad
(ra-a~ans/(ft/aec)

A 2000 MOO
B 897
c 793

A 2400 1200
B 107s
c 952

COMPUTATIONS

Computations of over-all adlabattc efficiency qti and preemro
coefficient qad for the unit composed of the impeller, the vew.e-
less diffuser, and the variable-component supercharger collector

.

were made in accordance with reference 3. The valueO of adiabatic
efficiency of the ccqresscm up to the diffuser stations were computed
by using the total-pressure readings of the diffuser surveys and the
total temperature as determined in the outlet pipe. The average total
pressure.at any diffuser station was obtained by arithmetically
avera@ng the pressures obtained across the diffuser passage.

The flow parameters, corrected volume flow ~t/@ ~d sPectfic

capacity Q1t/fi~2j and the speed param~ter U/% were computed
according to the method of reference 6, where

Qlt volume flow at inlet stagnation conditions, cubic feet per minute

e ratio of actual inlet stagnation temperature to standard sea-
Ievel temperature

#
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im@ller dis&arge-tip diameter, feet
‘2

u actual impeller tip qeed, fOOt per 80c0n&

A blade-inlet angle of attack was mmputed at the tipeller.
inlet fiot-mean-sqw4ze diameter over the range of volume fio~~ and
impeller tip speeds. The angle of attack is given with reference
to the mean camber line of the inducer blades and is positive when
the air strikes tk.e,l.owersurface ahd negative when the air etrikee _
the upper surface. A blade-inlet Mach number relative to the blade
was aleo computed at the impeller inlet root-mean-square diameter
and at the impeller inlet blade..tip.

An index of impeller static-pressure ratios was ccmputed by
using the static-pressuremeasurements made along the stationary
lmFeller shroud. This ratio index is the minimum static pressure
along the shroud divided by the static pressure at the impeller
inlet.

RESULTS AND DISCLL%S1ON

A comparison of the performance of impellers A, B, C, and D
is presented to show the effects on perfoi~ce of reducing the
impeller tip diameter with consequent increme in the impeller
_ar ~e~ocitY for a given impeller tip speed. The comparative
performance is presented on a basis of adiabatic efficiency, pres-
sure coefficient, and volume flow. An analysis of the volume-flow
limitations of the compressor is presented. This analysis indicates
what part of the compressor system limits the volume-flm- capacity
and shows the nature of the flow restriction. The use of impeller
blade-inlet relative Mach number as an impeller design parameter is
discussed.

Comparison of Performance —

Adiabatic efficiency. - The over-all adiabatic efficiencies.—-.-—
for impellers A, B, and C in conjunction with the vaneless diff!~ser
are shown in figure 4, With each successive reduction in Impeller
tly diameter and consequent increase in angular velocity for a
given impeller tip speed, the compressor adiabatic efficiency
increases. At the high impeller tip speeds the @crease in adia-
batic efficiency is prevalent over the entire range of corrected
volume fl~sj whereaa at the low tip speeds the improvement in the
efficiency occu~ over a vol~-flow range from ~~~ fIow”to



8 IfACATN NO. 1216

&

volume flows slightly below the peak-efficiency point-i-—Atan
impeller tip speed of 800 feet-per second, the difference in peak
adiabatic-efficiencyvalues for impellere .A,B, and C is negl~gible,
peak efficiency being 0.78. At an impeller tip speed of 1200 feet
per second, the peak adiabatic efficiency increases from 0.66 to
0.72. Peak adiabatic efficiency occurs at approximately the same
volume flows at the lower impeller tip speeds. At the high impeller
tip speeds, the volume flow at peak adiabatic efficiency increases
slightly for each reduction in impeller tip diameter.

The adiabatic efftiiencies determined from total-pressure

measurements in the diffuser at diameters corresponding to l%

impeller diameters are shown in figure 5. At the low impeller tip
speeds, the peak adiabatic efficiencies are the same for the three
impellers. An improvement in the efficiency with reduction of tip
diameter is prevalent at the high corrected voh.imeflows. At the
high impeller tip speeds, the efficiency curves as established at
the diffuser stations have the same relative characteristicsas
the curves of over-all efftoiency. In general, the trends established
from these diffuser surveys correlate with the corresponding over-
all performance characteristicsand indicate that the characteristics
determined from outlet-pipe measurements are adequate to establish
the relative merits of the three impellers.

Adiabati,c-efficiencycurves for impeller D are shown in fig-
ure 6. The efficiencies are based on diffuser pressure measurements

at a diffuser diameter corresp.mding to l; impeller tip diameters.

Because of the extreme change in direction of the diffuser passage
at the impeller discharge, diffuser mixing losses may cause the
abaoluto values of efficiency to be in error; these losseg are
insufficient, however, to nul~ify comparison of performance ovor the
range of impeller tip speeds. The curves show a similarity over the
speed ran~e. An increase of impeller tip speed from 700 to 1000 feet
per second resulted in a 3-point drop in peak adiabatic efficiency.
The shift of peak efficiency to high corrected volume flows for each
reapecti.veincrease in speed corresponds to the design volume flow of
impeller D, which was based on a constantivolunm fldw per revolution.

‘The efficiency curves for impeller D are very s+filar to the
characteristic efficiency curves of several inducers that were tested
and rated as compressors. (See reference 2.) Figure 7(~) shows the
relation of peak adiabatic efficiency and a~ular velocity+or
impeller D and for a 2.00-inch-deep
For the range of ~lar velocities
performance was for the Inducers to

Induoer reported in referenco 2.
covered, the general trend of
maintain their efficiency over

4
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the speed range. Figure i’(b)shows the relation of peak adiabatic
efficiency for impellers A, B, ad C with angular veIocity. with
each respective decrease in impeller diameter ~d consequent increase
in the amount of ideal work of compression resulting from increased
angular accelerations, the performance curves flatten and more ““
c~~sely resemble characteristic indLlc3rPerformance curves. For
this type of.impeller, an increase in the amount of work of comprcm-
sion resulting fmm the angular acceleration in the in~eller with
respect to the larger c~ponent of work of compressionresulting
from the Coriolis acceleration in the impeller seemed to improve
the impeller adiabatic efficiency.

Pressure coefficient. - The over-all pressure coefficients for
the three +apellers A, B, and C are shown i-nfigur6 6. bcreaaing
the impeller angular velocities while maintatqing constant impeller
tip speeds resulted in an improved pres&ure coefficient over the
range of impelIer tip speeds covered. These curves-indicate the
same relatlve perfcmnance chazzacteristicsas do the curves of
adiabatic efficiency. The largest change in peak press~e coef-
ficient occurs at the higher tip speeds; at an impeller tip speed
of 1200 feet per second, the peak pressure coefficient is in~gased
6 points. The ratio of pressure coefficient to adiabatic ~$ficienc-y ‘--
increases with each respective decrease in impeller diameter and
indicates corresponding increases in the addition of energy ta the
air by the impeller.

No pressure coefficients are presented for impeller D because
it has a varying discharge diameter, a condition that makes pressure
coefficient an unsuitable parameter for comparison of performance.-

Volume flow. - With each successive reduction in ’impeller
diameter, an increased volume flow through the compessor was
obtained. Ad shown in figure 4 this increased volume flow was
prevalent over the range of impeller tip speeds covered by this
investigation. Th6 rar@e of operation, defined by the ratio_of
max@m to minlnu& volume flow, was decreased as the Impeller diqneter
was decremed. The increased volume flow for each reduction in
impeller diameter resulted in very large Lncreas+esin the specific
capacity of the respective impellers. A comparison-of specific
capacity for,the three impellers at an impeller tip speed of
1200 feet per second is shcwn in figure 9. A maxi~ specific
capac~ty of 11,500 c~llicfeet per minute per sqtiaref’oo%wasob&&d
with impeller C as compared with 8600 cubic feet per minute f& :.
i@@ler”B and 6700 cubic feet per minute for @eller A.

----

A flow restriction resulting from sonic velocities in,the
compressor was never reached with impeller D because of the limita-
tions of the air-exhauster system used; therefore a comparison of .-
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maximum volume flows between impeller D (ftg. 6) and impellers A,
B, and C is unjustified.

Complete information concerning the Performance characteristics
for the most efficient of the three impellers is given for impeller C
in figure 10, in which the over-all total-pressure ratios ~2tblt
for corrected impeller tip speeds of 778,”955, 1071, and 1166 feek
per second areplotted aga+instcorrected volume flow and specific
capacity with contours of over-all adiabattc effi.cie’ncies.

Analysis of Volume-Flow Limitations

Previous i.nvesti~ationsof impellers (reference1) have shown .
that the volume-flfi capacity of the inducer section is reflected
in the volume-flow capacity of the impeller. Results fram the
present investi~ationsmade at consteuxtangular speeds for each of
impellers A, B, and C!(fig. n(a)) show the maximum volume flow of
the impeller to be independent of the impeller diameter and impeller
tip speed but-to be dependent upon the impeller angular velocity.
Figure n(b) shows a plot of maximum volunm flow against impeller
angular velocity. The maximum volume flow varies linearly with
impeller angular velocity. Inasmuch aa the maximum volume flows
were dependent upon the impeller angular velocities, the conditions
of sonic velocity in the compressor system and the resultlng flow
restriction must have occurred in the inducer section.

BIade-inl.etangle of attaok is plotted against-Mach number
relative to the blade-inlet at a rcot=mean-square blade diameter
in figure 12. For a range of ~eller tip speeds and foy
impellers A, B, and C, values of a static-pressure-ratio index
are plottd as contours. ThiEJindex is a ratio of tho minimum
static pressure measured along the stationary impeller sh&oud to
the static pressure at the impeller blade ”inlet. The hea~ solid
line drawn through the maximum Mach number and maximum negative
angle of attack represents the maximum-volume-flow llne for the
range of impeller tip speede presented. This line presents a
lirioarrelation between “theblade-inlet angle of attack and blade-
inlet relative Mach number with respect to the flow restriction
in the inducer section. An examination of the static-pressure-
ratio index shows that a critical value of approximately 0.50
existed for each of the impellers and that the maximum-flow line
and the critical-pressure line are approximately the same. In all
cases the critical-pressuredrops occurred in the inducer sectim.
This phenmnenon indicates that the flow was restricted when a
critical-pressuredrop occurred in the induoer section and that,

‘
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with an increased blade-inlet relative Mach number, the negative
blade-inlet angles of attack at which the critical pressure drop
occurred decreased.

Use of Blade-Inlet Relative Mach Number as

a Design Parameter

xl

The caparlson of the performance of impellers A, B, and C has
shown that successive increases in the ratio of’impeller inlet-tip
diameter to impeller discharge-tip diameter resulted in considerable
improvement ~n the impeller ~erformance. For each increase in the
ratio of impeller inlet-tip to discharge-tip diameter, there was a
correspondi~ increase in tine@eller angular velocity required for
operation at a given impeiler tip speed. Increased impeller angular-“-”-
velocities resulted in increased I@ch numbers relative to the

,.

impeller blade inlet.

Hawthozme(reference 7) derived a theoretical expression relating
the mass flow rate end the Wpsller tip, eye, and hub dimensions with
the Mach number and the tip speed. He plotted the e~resslon

1 ()WU2—. .— against ~ for four values of M,
1-

-where
h2/e2 D2 1400

h ratio of inside dtameter of eye (hub diemeter) to impeller tip
diameter

e ratio of outside dismeter of eye to impeller tip diameter

v mass flGw rate

D impeller tip diameter

u impeller tip speed

M tip lhch number

This curve from figure 5 of reference 7 is reproduced as figure 13
with test points for impeller C added. Some of these data points
show that the Tmpeller was operating in a transonic range rglgtive
to the inlet blade tip and that a maximum ldachnumber of 1:C3 was ‘-
reached. The blade-inlet Mach number relative to the inlet blade
tip has been used as a design parameter cm the basis that hi@ Mach
numbers at the impeller inlet would be detrimental to the impeller

1
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performance. C@npbell and Talbert (refere~ce 8) recommended that,
for impellers of the radial-bladed type dischssed in reference 8,
the maximum blade-inlet relatfvo Mach fiw.bershould be below 0.75.
Although impeller C!was operating in a transonic range relative to
the impeller inlet blade tip, thts impeller showed considerable
improvement in adiabatic efficieficy,pressure coefficient, and
volume-flow capacity as compared with impellers A and B, which
operated at lower blade-imlet Mach numbers’. For operation at tran-
sonic conditions at the Impeller inlet, any detrbnental effects on
impeller perfo-ce resulting frau high inlet M!ch pumbers appear
small as compared with the desirable performance effects that were
obtained by increasing the ~eller angular velocity d consequently
increasing the amount of work of compression resulting frc$uthe
angular acceleratiti of the air in the impeller.

SUMMARY or RESULTS

The effect on the performance of increasing the angular velocfiy
of an impeller and consequently increaei~ the amount of work of
compression resulting from the angular acceleration o~the alr in tho
impeller was investigatedfop four impellers in conibinationwith a
vanoless diffuser in a variable-component supercharger test rig over
a range of actual tip speeds from800 to 1300 feet par second.
Tmpellers A, B, and C were also tested at two constant impollor
angular velocities. Impellers 3 and C were made by succeseivo
reduction in the diachaz’ge-tipdiwmter of impeller A; impeller D was
the inducer section alone. The following results were obtained:

1. The impeller adiabatic efficiency, pressure coel?ficient,and
volume-flew capacity were improved when the amount of work resulting
from the angular acceleration was increased with respect to the work
of compression resulting from the increased radius of rotation of the
Impeiler.

2. The volume-flow capacity of the impeller was,independont of
impeller diameter and impeller tip speed but dependent uyon the
impeller angular veloci%y. The relation between maximum volume flow
and the impeller angular veloclty was linear.

3. The volume-flow restriction in the compressor occurred in the
inducer section. The flow wSs restricted whena critical pressure
drop occurred in the inducer section, and with an inoreased tipeller
blade-inlet relative Mach ntzmberthe negative blade-inlet angles of
attack at which the critical pressure drop occixc’reddecreased.

I
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4. Any detrimental effects on impeller performance resulting
transonic velocities relative to the impeller inlet blade “tip ““
small as compared with the desirable performance effects that
obtained by increasing the impeller ~ velocitY ~d . ..—

consequently increasing the amount of work of compression resulting
from the angular acceleration of the air in the impeller.

Aircraft Ermine Research Laboratory,
Natiofil Advisory Comittee for Aeronautics,

.—

Cleveland, Ohio, October, 11, 1946.
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